Newly discovered human homologues of ALKB protein have shown the activity of DNA damaging drugs, used for cancer therapy. Little is known about structure and function of hABH5, one of the members of this superfamily. Therefore, in present study we are intended to predict its structure and function using various bioinformatics tools. Modeling was done with modeller 9v7 to predict the 3D structure of the hABH5 protein. 3-D model of hABH5, ALKBH5.B99990005.pdb was predicted and evaluated. Validation result showed 96.8% residues in favored and additional allowed region of Ramachandran plot. Ligand binding residues prediction showed four ligand clusters, having 25 ligands in cluster 1. Importantly, conserved pattern of Pro158-X-Asp160-Xn-His266 in the functional domain was detected. DNA and RNA binding sites were also predicted in the model. The predicted and validated model of human homologue hABH5 resulted from this study may unveil the mechanism of DNA damage repair in human and accelerate the research on designing of appropriate inhibitors aiding in chemotherapy and cancer related diseases.
INTRODUCTION
Selective killing of cancerous cells through alkylating agents by DNA damage is an important approach to combat cancer. Escherichia coli AlkB and its human homologues (hABH) are recently discovered as alkylating agents involve in oxidative demethylation of 1-methyladenine and 3-methylcytosine which has expanded the concept of alkylation repair by direct reversal method (Mishina et al., 2006) . These molecules play an active role in triggering cell's response to DNA damage. Earlier bioinformatics methods had been used to show the relatedness between the different human homologues of Alkb proteins as well as for the theoretical investigations of structure and function of hABH1 (Shankaracharya et al., 2010a ) and hABH4 (Shankaracharya et al., 2010b) proteins. It was also observed, in another study, that majority of the bacterial AlkB proteins are DNA repair enzymes, and some of these proteins do not primarily target methylated bases (Born et al., 2009 ). Recently it was reported that ALKBH5 was probably unique amongst the ALKBH genes in being a direct transcriptional target of hypoxia inducible factor-1 (HIF-1) and was induced by hypoxia in a range of cell types. Hence a new class of HIF-transcriptional target gene was found and suggested that ALKBH5 might have a role in the regulation of cellular responses to hypoxia (Thalhammer et al., 2011).
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Need for 3D structure of the AlkB homologues in humans and their structural and functional characterization is significant in recent field of research in cancer medicine and cancer molecular biology. Therefore present study focuses on to the modeling of the 3D structures of hABH5 homologue in humans to understand the characteristic features and to predict its function.
Moreover homologues related to cancer therapy if modeled would ease out a way to design inhibitors aiding in chemotherapy. 
MATERIALS AND METHODS

Search and retrieval of target protein sequence
Information about protein sequence of human analogue of Alkb (hABH5) was retrieved from NCBI (http://www.ncbi.nlm.nih.gov/).
Selection of template
Template was selected by homology search of query protein (hABH5) sequence against the databases available on PDB (http://ww.rcsb.org) using mGenThreader (Jones, 1999) method.
Using mGenThreader web server, templates were selected using fold assessment between target and template.
Homology modeling and evaluation of Model
Homology modeling was done using Modeller 9v7 (Fiser and Sali, 2003; Sali and Blundell, 1993) . Difficult modeling was used as the identity between target and template sequences was less. This requires one sequence of known 3D structure and Python 2.5 script files containing
Modeller commands. The co-ordinate file of template from PDB was used as such. The predicted model was validated with the program Procheck (Laskoswki et al., 1993) and Ramachandran plot statistics was used to evaluate the stability of the model.
Protein structure accession number
The refined homology model of 3D structure of Habh5 of human was submitted to PMDB Functional residue prediction was done using the Jenson-Shannon Divergence (JS Divergence), an information-theory approach to determine relative residue conservation (Capra and Singh, 2007) . Such conservation is related to the functional importance of residues. After the finding of the functional site residues, the site was scanned against structures of known function using a fast geometric hashing technique (Moll and Kavraki, 2008) . 
RNA binding residue Prediction
RNA interface residue prediction from protein 3D structure was done with KYG, a 3D structure based prediction of RNA interface residues in a protein (Kim et al., 2006) . It is available at http://cib.cf.ocha.ac.jp/KYG/ .
RESULTS AND DISCUSSION
Search for template on National Centre for Biotechnology Information has generated only few homologous structure hits of low identities. Hence difficult modeling method of modeller was used to model the 3D structure of hABH5. Human ABH3 (pdb id 2IUW) was selected as template using mGenThreader tool (Jones, 1999) on the basis of best NetScore (63.057) out of various other related parameters.
The protein sequences of target (hABH5) and template hABH3 (PDB ID-2IUW) were aligned and the result of alignment is shown in figure 1 . The asterisk showed the identity of amino acids present in two protein sequences. Total 5 models were generated after performing homology modeling with modeller 9v7. Dope scores of the generated models were calculated using the command model-single.py. The model ALKBH5.B99990005.pdb, having minimum dope score was considered as the best model of protein hABH5 (Table 1 ). This result was also supported by the minimum Molpdf and GA341 scores among five models. Further validation program, Procheck (Laskoswki et al., 1993) was used to perform full geometric analysis as well as stereochemical quality of a protein structure by analyzing residueby-residue geometry and overall structure geometry. After running Procheck, Ramachandran plot ( Figure 2) shows that for the model hABH5.B99990005, 89.6% residues were in favored region, 7.2% in the additional allowed region, 1.4% in the generously allowed region and 1.7% of the residues in the disallowed region, which made this model more acceptable as compared to other predicted models (Table 2 ). Homology modeling study is an important method to know the 3D structure of the protein whose structure is not available . Similar approach was also used in the prediction of 3D structure of vaccine related kinaase1 (vrk1) The 3d2GO server was used to predict the function of the protein model. This uses several methods of function prediction, using sequence and structure, to predict Gene Ontology (GO)
terms for the protein. Various GO terms, their description and the confidence has been listed in Table 2 . Confidence ranges from 0 to 1, with 1 being the most confident prediction. Result show that the predicted protein hABH5.B99990005.pdb has functions like ion binding, and Metal ion binding with good confidence (Table 3) , which confirms the role of hABH5 as 2OG dependent oxygenase (Thalhammer et al., 2011) . Two functional sites were also predicted containing amino acid residues as ASP206, VAL248, PHE221, GLN196, GLY198, and THR254 in the first site and PHE228, ARG250, ARG249, GLY229, CYS227, ASN104 in the second. The residues present in the conserved cluster were predicted as PHE220, SER219, VAL218, LEU256, SER217 and PHE221.
Department of Biotechnology, Birla Institute of Technology, Mesra, Ranchi 10 structures with average mamooth score of 11.5 (Table 4 ). In this cluster PRO158, ASP160 and HIS266 residues were predicted in the binding site whose numbers of contacts; average distance and JS divergence have been depicted in Table 5 . JS divergence is measured in 0 to 1 scale and higher score mean more conserved residue. Hence the result shows that HIS266, PRO158 and ASP160 are more conserved residue in the structure. In the predicted ligand binding site, heterogens present in the ligand cluster 1 were predicted. The number of each type of ligand and the structures they originated from are also presented (Table 6 ). Previous study of threedimensional model prediction for hABH1 active site residues based on other AlkB template were also used for the other human homologue of alkb proteins. For hABH1, it was found that H231, H287 and D233 were more conserved residue in the structure. The result has also depicted residues R24, K25, F27, R28, Y30, R31, Q32, S33, R34, P35 and G36 at the RNA binding site of the predicted protein molecule (Shankaracharya et al., 2010a ).
